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SINCE Loeb’s’ observation in 1903 that certain strains of staphylococci pos-

sessed the property of clotting oxalated plasma, considerable study has been

devoted to the mechanism of the staphylocoagulase reaction and to its possi-

ble role in staphylococcal infections. The ability to clot oxalated plasma has been

found to be a property generally associated with pathogenic strains of staphylo-

cocci; however, the relationship between clotting activity and pathogenicity has

not been clearly understood. Studies of the mechanism of the clotting action of sta-

phylocoagulase have yielded several conflicting hypotheses.

Gengou’ and Vanbreuseghem3 noted that the clots produced from plasma by

staphylococci underwent dissolution. Purified fibrinogen preparations were not

clotted but underwent lysis without clot formation. In view of these observations,

both authors agreed that the coagulant activity of staphylococci could be attrib-

uted to a fibrinolysin, whose action resultel in clotting only in the presence of a

suitable plasma inhibitor. Gratia4 proposed the term coagulase for the clotting

agent elaborated by staphylococci and reported that the participation of prosero-

zyme (prothrombin) or cytozyme (thromboplastin) was not necessary for the

action of coagulase; plasma freed of these substances by adsorption methods

remained clottable. He also noted that purified fibrinogen could not be clotted

by staphylococci, but clotting occurred readily when a small amount of a plasma

preparation was added, which had been freed of its content of fibrinogen, prosero-

zyme, and cytozyme. Gratia concluded that the clotting activity of staphylococci

was due to the elaboration of coagulase; but for the elaboration of this agent a

nutrient factor was required which was not present in purified fibrinogen prepara-

tions, but was present in plasma. However, in opposition to these reports, Cruick-

shank5 and Walston6 both reported that coagulase acted on fibrinogen directly,

and was therefore similar in its action to thrombin. In the most recent studies,

Smith and Hale7 confirmed the earlier reports and showed that fibrinogen was

not clotted by cell-free coagulase unless there were added small amounts of human

or rabbit plasma, serum, or testicular extract. The accessory clotting factor present

in the plasma and testicular extract was not identical with either prothrombin or

thrombokinase. The authors proposed that the function of this factor was to

convert staphylocoagulase into an active thrombin-like substance and they there-

fore termed it activator. It was also suggested that the relative insusceptibility of

the plasmas of certain animal species to the clotting action of coagulase could be

attributed to a deficiency of activator in these plasmas.
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574 STAPHYLOCOAGULASE REACTION

The occurrence in the serum of a factor which participated in the coagulase

reaction was also observed in this laboratory, confirming the report of Smith and

Hale.7 This factor has been extracted from human plasma, and its nature and

properties examined in an attempt to elucidate further its role in the clotting

mechanism. In addition, it has also been observed that an inhibitor for coagulase

could be obtained from normal human plasma and from the plasma of certain

species of animals. This inhibitor appeared to play a significant role in determining

the susceptibility of these plasmas to the action of coagulase. In the present report,

the properties and action of the activator and inhibitor for coagulase are described.

MATERIALS AND METHODS

I . Staphylocoagulase. The source of coagulase throughout this study were viable cultures of coagulase-

positive strains of staphylococci which had been grown in tryptose-phosphate broth for 48 hours.

2.. Fibrinogen. The fibrinogen preparation* employed was a dried product which had been precipitated

repeatedly from pooled normal human plasma by the method of alcoholic fractionation.8 A i per cent

solution of the dried powder was used.

3. Thrombin. The preparation was a I : 10 dilution of a commercial product derived from rabbit blood.t

4. Plasma defibrinated by heating. Oxalated or citrated plasma was heated to �6 C. , kept at this temper-

ature for three minutes, and then immediately cooled in running water. The flocculated fibrinogen was

removed by centrifuging. The defibrinated plasma thus obtained possessed no thrombic activity for

fibrinogen.

5. Plasma coagulase test. Two-tenths ml. of a forty-eight hour culture of a given strain of staphylo-

coccus was added to o.5 ml . of citrated or oxalated plasma, and the tube placed in a water bath at temper-

ature 37 C. Periodic observations were made to note the time and degree of clotting. A test was con-

sidered positive only if a cohesive clot was formed within twenty-four hours; while a test was considered

negative if no clot was formed after incubation for twenty-four hours.

EXPERIMENTAL

I. PARTICIPATION OF A PLASMA FACTOR IN THE STAPHYLOCOAGULASE REACTION

Fresh human plasma has been generally employed as a substrate for use in the

routine staphylocoagulase test. Because of the availability, however, of such

products as frozen plasma, dried plasma, and dried fibrinogen, it was of interest to

determinewhether these materials could be substituted for fresh plasma in the test.

Accordingly, a series of pathogenic strains of staphylococci were tested with

these substrates as well as with fresh human plasma. Using fifteen different strains

as a source of coagulase, it was found that the substitute substrates were much less

susceptible to coagulation than the fresh plasma. As shown in table i, of the

fifteen strains which were coagulase-positive when tested with fresh human

plasma, only seven clotted plasma which had been rethawed from the frozen state;

three clotted reconstituted dried plasma; and none clotted solutions of lyophilized

fibrinogen even after incubating for a period of twenty-four hours. Moreover, in

those instances in which clotting of the frozen or dried samples of plasma occurred,

the clotting time was prolonged, ranging from twelve to twenty-four hours as

contrasted with one to two hours for samples of fresh plasma. The relative refrac-

toriness of these three substrates to clotting by coagulase could not be attributed

to a deficiency of clottable fibrinogen since all three substrates were readily clotted

by such agents as thrombin, snake venom, and papain within two to eight minutes.

* The fibrinogen preparation was kindly supplied by Sharp and Dohme, Inc.

t Hemostatic Globulin, Lederle Laboratories, Inc.
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MELVIN H. KAPLAN AND WESLEY W. SPINK 575

A possible explanation for the apparent resistance of these samples of fibrinogen

and plasma to clotting was that they were deficient in some clotting factor present

in fresh plasma. Prothrombin was excluded as this factor since the Quick9 pro-

thrombin levels of both the frozen and dried plasma were practically the same as

that of fresh plasma, i.e., IL.8, I2..3, and ii.� seconds respectively. Tests for an

accessory clotting factor were therefore carried out with fresh human serum. As a

test substra te, o. 2. ml. of fresh human serum was mixed wi th o. � ml . of fibrinogen,

and susceptibility to clotting determined by addition ofo.2. ml. of a staphylococcus

culture. It was at once apparent that the addition of serum rendered the fibrinogen

readily clottable by coagulase. Further, the clotting which resulted was not due to

the presence of thrombin in the serum, since interference by thrombin could be

excluded by suitable dilution of the serum or by destroying its thrombic activity

TABI.E 1 -Comparative susceptibility of fresh plasma, frozen plasma, dried plasma, and dried Jibrinogen

to clotting by ‘5 strains of pathogenic staphylococci

� Coagulase Test

No, � Strainof Staphylococcus � ...� � � ... �. :

� � Fresh Plasma � Frozen’ Plasma � Dried Plasma � Dried Fibrmn-

I- H Wro � + � + � +

2. May � + � - � - -

3 � St.A � + � + � - -

4 � Lin � + � - � - -

5 � Ver � + + � - � -

6 � 5hz + � - � - � -

7 Sch � + � + � + � -

8 � Lon � + � + � + � -

9 Sb � + � - � - -

10 Ter i + - � - � -

II Cos � + - � - -

12. Ede + . - � - -

13 . Pew + � + . - � -

‘4 Rut � + � - � - � -

15 � Nd � + � + - � -

* This plasma was stored in the frozen state for two years before thawing.

by heating at 6o C. for thirty minutes. These procedures still permitted the activ-

ity of the accessory coagulase factor to be readily demonstrated.

The most satisfactory source of this accessory factor was plasma from which the

fibrinogen was removed either by heating to �6 C. for three minutes, or by precipi-

tation at one-fourth saturation with ammonium sulfate. These preparations had

the advantage that they possessed no thrombic activity. As shown in table 2.,

when o.i ml. of such a defibrinated sample of plasma was added to fibrinogen,

clotting occurred almost as readily as with the fresh plasma. Fibrinogen to which

no defibrinated plasma had been added was not clotted by any of these strains.

This failure to clot could not be attributed simply to the destruction of the fibrino-

gen by the fibrinolytic action of the staphylococci, as had been suggested by

Gengou.’ Indeed, of the five strains included in table 2., only two were found to
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576 STAPHYLOCOAGULASE REACTION

have destroyed the fibrinogen at the end of twenty-four hours as was indicated by

the fact that the addition of thrombin did not result in a clot. The other three

strains apparently exerted no appreciable fibrinolytic effect in the twenty-four

hour period, since fibrin clots were obtained following the addition of thrombin.

Similar results have been obtained with a larger series of tests and it was therefore

concluded that the failure of preparations of fibrinogen to be clotted by coagulase

was not due to the action of a fibrinolysin but rather to the deficiency of an ac-

cessory clotting factor.

This clotting factor, as it has been previously pointed out, has been termed an

activator of coagulase by Smith and Hale.1 In the present state of knowledge,

TABLE 1.-The effect of addition of dejitrinated plasma* on the clotting offibrinogen by coagulase

Substrate Mixture

Strain of Staph. aureus �___________ �. � � .. Clotting time

Plasma Fibrinogen l)i�,l�rmnated � Saline

,nl. ml. ml. � ml. � liv,

Sch o.� � 0.3

Sch o.� � 0.3 >2.4(c)t

Sch o.� � 0.3 � . 2.

Rut o.5 . 0.3 1

Rut o.5 � 0.3 >2.4 (c)

Rut o.� � 0.3 2.

Bur o.� � � 0.3 1

Bur o.� 0.3 >2.4 (nc)

Bur � o.� � 0.3 � 2.

Ter o.� � � � 0.3 . I

Ter � o.� . 0.3 >2.4 (c)

Ter � o.� 0.3 � 2.

Lou o.5 � 0.3 � I

Lou � o.� � .. 0.3 >2.4 (nc)

Lou � o.� � 0.3 , 2.

* The defibrinated plasma was prepared by heating normal human plasma at �6 C. for � minutes.

t (c) represents clot formation on addition of thrombin and (nc) represents no clot formed on

addition of thrombin.

such a function should be regarded as highly hypothetical; however, for purposes

of uniformity the term activator has been retained in the present report.

2.. TESTS OF PLASMA FRACTIONS FOR ACTIVATOR CONTENT

In order to determine which of the plasma protein fractions contained the

activator, human citrated plasma was fractionated into five components at in-

Creasing saturation with ammonium sulfate, and each fraction then tested for its

content of activator. Precipitates were obtained at 2.5, 40, 6o, 8o, and �oo per cent

saturation with ammonium sulfate. Each precipitate was washed once in the ap-

propriate concentration of ammonium sulfate, and redissolved in distilled water

to a volume one-half that of the original plasma. The solutions were then dialyzed

against physiological saline solution in the cold for eighteen to twenty-four hours.

The method of titration for activator was as follows: Serial dilutions with physiological saline

solution were made with each fraction in o.� ml. volumes. To each dilution was added o.5 ml. of a forty-
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. MELVIN H. KAPLAN AND WESLEY W. SPINK 577

eight hour broth culture of a standard strain of staphylococcus (Bur.), and incubation carried out

one hour in a water bath at 37 C. To each tube was added o.5 ml. of fibrinogen solution; the tubes shaken’

and incubation carried out for four hours. The titer of activator in the sample was taken as the highest

dilution which yielded a solid cohesive matty clot.

As shown in table 3, the activator was concentrated essentially in the fraction

obtained between 8o and ioo per cent saturation, while the fraction between 6o and

8o per cent saturation possessed smaller amounts of activity. Activator thus ap-

peared to be associated with the crude albumin fraction of the plasma.

A more precise characterization of the nature of activator was made possible by

testing human plasma fractions prepared by alcoholic fractionation.* It has been

shown by Cohn and collaborators8 that the plasma proteins may be separated into

five fractions on the basis of their differential solubility in ethanol-water mixtures

at low temperatures and at varying pH and ionic strength. These five fractions,

I, II + III, IV-i , IV-4, and V. as well as a sample of crystalline serum albumin, were

TABLE 3.ActiVatOr titer of human plasma fractions prepared by ammonium sulfate precipitation

No. Plasma Fractions � Titer’ of Activator

I � l5�’� sat. (NH,)2S04 o

2. � 15_40ce (NH4)2S0,

3 4060% (NH,)2S0, o

4 6o-8o% (NH4)2SO4 4

5 8o-ioo��;: (NH,),SO, i6

6 Highest dilution of the test substance which when mixed with fibrinogen permitted clotting

by coagulase in four hours.

titrated for their relative content of activator. The solutions in each case were

made up to contain ioo mg. of the dried fraction in io.o ml. of 2�O M phosphate

buffered saline, pH 7.4.

As shown in table 4, activator was found to a significant extent only in fractions

IV-4 and V. The greater amount of activity appeared in fraction IV-4, which is

made up chiefly of alpha and beta globulins. Fraction V, which is essentially

albumin, contained a somewhat smaller amount of activator; while crystalline

albumin was without activity.

From the above findings, it appeared that act vator is probably not an albumin

although it is precipitated with this protein fraction by ammonium sulfate. In

plasma fractions obtained by alcoholic fractionation, activator appeared to be

associated with the alpha and beta globulins.

3. PREPARATION OF DRIED ACTIVATOR MATERIAL FROM CITRATED HUMAN PLASMA

The activator preparations used in the subsequent studies were prepared from

the fraction of plasma precipitated between 6o and zoo per cent saturation with

* These fractions were supplied by Dr. E.J. Cohn and hms associates. The materials were made possible

through contracts between Harvard University and the Office of Scientific Research and Development,

and the plasma was obtained through the American Red Cross and more recently through the Massa-

chusetts Civilian Blood Donor Program.
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578 STAPHYLOCOAGULASE REACTION

ammonium sulfate. To i volume of fresh citrated human plasma was added slowly

with continuous stirring i.� volumes of saturated ammonium sulfate, and the

mixture allowed to stand for four hours at temperature 4 C. This precipitate ob-

tamed at 6o per cent saturation was removed by filtration in the cold and discarded.

To the supernate, solid ammonium sulfate was added to saturation, and the mixture

was usually allowed to stand overnight in the refrigerator before filtering. The

fraction thus obtained between 6o and ioo per cent saturation was dissolved in a

small amount of distilled water and dialyzed against physiological saline solution

for eighteen hours in the cold. The resulting solution was then dried from the

frozen state by the lyophile process and the resulting light yellow powder used

TABLE 4.-Activator titer of human plasma fractions obtained by alcoholic fractionation

No. Alcoholic Fraction Titer’ of Aclivator

I I 0

2. . 11+111 0

3 IV-, C)

4 IV-4 S

5 V 2.

6 � Crystalline albumin o

* Highest dilution which when mixed with fibrinogen solution permitted clotting by coagulase

in four hours.

TABLE 5 -Thermolability of Activator

. Titer of Activator

No Temperatures at which preparations were � ..� _ �
. exposed for 30 mm. . � Activator Preparation

Defibrmnatecl Plasma (Am. Sulfate Fraction�

I Control (not heated) 8 8

2. 55C. 8 8

3 65C. . 8 4

4 75C. 8 2.

5 IOOC. 4 2.

6 Boiling 0 0

without further purification. It was found to be completely stable for at least a

month when stored in the cold. Solutions of activator employed in the present

study were usually made up in a concentration of ioo mg. of dried preparation per

10 ml. of distilled water. .

4. PROPERTIES OF ACTIVATOR

A. Thermolability. Smith and Hale7 found the activator present in rabbit testicular

extracts to be completely inactivated after heating at �6 C. for thirty minutes.

Such thermolability, however, has not been observed with activator derived from

human plasma. Heat sensitivity tests, using both defibrinated plasma and am-
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monium sulfate fractions as a source of this material, have indicated no apparent

inactivation following exposure to �6 C. for thirty minutes. Indeed, as shown in

table 5, complete inactivation of defibrinated plasma did not occur even after

heating at zoo C. for thirty minutes, although there was some loss of activity.

Strong boiling for thirty minutes caused complete destruction.

B. Stability at various pH. Solutions of activator were markedly stable within a

wide range of acid and alkaline pH. The effect of pH variation was determined by

mixing given amounts of activator with a series of buffers from pH 2..O to io.o and

then permitting these mixtures to stand for four hours at room temperature before

neutralizing. The mixtures thus treated showed no measurable loss of activator

titer.

C. Inactivation by pepsin and nitrous acid. Since activator was stable at acid pH,

it was possible to determine whether it could be destroyed by the proteolytic

action of pepsin. Accordingly, i.o ml. of activator solution was adjusted to pH

3.0, and incubated with i.o ml. of a o.o� per cent solution of pepsin (Merck) for

TABLE 6.-The inactivation of activator by treatment with (i) pepsin and (2)

nitrous acid

Expt. No. Reaction Mixture

I (a) Activator + pepsin o

( b) Activator + saline control 8

2. (a) Activator + nitrous acid � o

( b) Activator + saline control � 4

thirty minutes at 37 C. At the end of this period, pepsin action was stopped by

neutralizing the mixture with ,� M phosphate buffer, pH 7.5. The resulting mixture

was then titrated for its activator content. As shown in table 6, activity of acti-

vator was completely lost by this treatment; while control samples, in which

saline solution was substituted for pepsin and which were subjected to the same

temperature and pH, remained fully active.

Treatment of activator solutions with nitrous acid also resulted in rapid in-

activation. On addition of dilute sodium nitrite solution to activator preparation

at pH 3.0, complete inactivation was observed within fifteen minutes (table 6).

Since the action of nitrous acid within this period is primarily directed against

alpha-amino groups, it would appear that the action of activator is dependent

upon the integrity of alpha-amino groups in the molecule.

The data obtained would indicate that activator is a relatively stable protein

constituent of the plasma. It is precipitated between 6o and zoo per cent saturation

with sulfate; but in alcoholic fractions it is associated more closely with the alpha

and beta globulins. It is nondialyzable; is not readily destroyed by heating below

zoo C.; and is entirely stable between pH i.o to zoo. Its activity is completely

destroyed by nitrous acid or by the proteolytic action of pepsin.
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5. PRESENCE IN NORMAL HUMAN PLASMA OF A SUBSTANCE INHIBITING

THE COAGULASE REACTION

It was noted that when some samples of human defibrinated plasma were em-

ployed as a source of activator, clot formation occurred much more rapidly when

the samples were diluted. This same accelerating effect was observed also on dilut-

ing some activator preparations. One given activator preparation, for example,

when mixed with fibrinogen and coagulase, permitted clotting to occur in eight

hours; but when this same preparation was diluted i6-fold, clotting occurred in

two hours. This observation suggested the presence in these activator preparations

of an inhibitor which interfered with clot formation, and that the action of the

inhibitor could be suppressed by suitable dilution.* It was noted, however, that

the inhibitory effect did not occur with all preparations of activator.

On fractionation of human oxalated plasma by means of ammonium sulfate, the

inhibitor was found to be present in the globulin fraction obtained at half-satu-

ration. The inhibitory action ofsuch a globulin preparation is demonstrated in the

following experiment: One-tenth ml. of a 4 times concentrated human globulin

preparation was added to a mixture containing o.5 ml. of activator solution, o.�

ml. of coagulase and o.� ml. of fibrinogen, and the clotting time noted. The result

TABLE 7.lnhibitOry effect of a plasma globulin factor on the coagulase reaction

Globulin Activator � Coagulase � Saline Clotting Time

ml. � ml. � ml. � ml. lies.

0.1 � 0.5 � 0.5 � 0 >2.4

0 � 0.5 � 0.5 � 0.1 2.

was compared with a control test, in which o.i ml. of saline solution was sub-

stituted for the o.i ml. of test preparation. As shown in table 7, the mixture con-

taming the plasma globulin preparation was not clotted even after twenty-four

hours, while a clot appeared in the control tube in two hours. The coagulase

reaction was thus entirely inhibited by the globulin preparation.

In order to compare quantitatively the content of inhibitor in different plasma fractions, a niethod was

devised for determining inhibitory titer. The inhibitory titer of a given sample ss-as measured as follows:

Serial dilutions of the test sample were made in saline solution in o.� ml. volumes. To each tube, o.�

ml. of activator solution and 0.3 ml. of coagulase was added, and these mixtures were then incubated for

sixty minutes. Finally, o.5 ml. of fibrinogen was added, and the tubes incubated for four hours. The

highest dilution of the test sample preventing clotting completely at the end of this four hour period was

taken as the inhibitory titer.

Table 8 demonstrates that practically all of the inhibitor present in human

plasma is associated with the fraction obtained at 2.5 to 40 per cent saturation with

ammonium sulfate. When such globulin preparations were dialyzed against dis-

* The greater susceptibility to clotting of plasma which is diluted also led Lominski and Roberts to

the recognition of an inhibitor in the plasma which they have independently described)0
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tilled water, the inhibitor was found to be associated with the insoluble

euglobulin fraction; while the pseudoglobulin fraction contained little or no

inhibitory action.

It appeared possible that the presence of this globulin inhibitor in high con-

centration might be in part responsible for the resistance to the action of coagulase

observed in some human � and in the plasmas of certain species, such as the

guinea pig,3 mouse, and fowl.7 Smith and Hale7 stated that the resistance of these

plasmas might be explained by their deficiency of activator. The participation of

an inhibitor was not recognized.

In order to determine the relationship of the inhibitor to coagulase susceptibility,

tests were carried out for the presence of inhibitor in both susceptible and re-

sistant plasmas. Human and rabbit blood was used as a source of susceptible

plasma, while the resistant plasma was obtained from the guinea pig. Previous

studies have indicated that, of these three species, rabbit plasma is the most sus-

ceptible.” Guinea pig plasma is unusual in that it is not clotted at 37 C., but is

clotted slowly at 2.5 C.37

TABLE 8.-Titer of inhibitor in human plasma fractions

Dilution of Fraction
. Plasma Fraction Tested _________________

. � 1 � 2 � 4 8 16 � 32

I l5601�(. sat. (NH4),SO4 1 � � � � 0 + � +

2. l5_401�( sat. (NH4),5O4 � o � o o o + +

3 40601( sat. (NH4),SO4 � + � + + + + +

4 . 6o-Ioo� sat. (NH4)2SO4 � + � + � + + + � +

5 Pseudoglobulin � + � + � + + + +

6 � Euglobulin � o � o � o o + +

+ = clot formed; o = no clot formed.

The susceptibility of each plasma was tested by the routine coagulase test both

at 37 C. and at 2.0 C. It was found that at 37 C. the clotting of human and rabbit

plasmas occurred in thirty minutes; while clotting of guinea pig plasma occurred

in sixty minutes. At 2.0 C., the human and rabbit plasmas were clotted in two

hours, while guinea pig plasma was clotted in eight hours.

Thus, in this study, the effect of temperature was precisely the reverse of that

previously reported. Guinea pig plasma was definitely clotted by the strain of

staphylococcus employed, and the clotting occurred more rapidly at 37 C. How-

ever, this plasma was still less susceptible than the plasmas of the other two species.

. The inhibitor content of each plasma was determined by testing the extracted
globulin fraction, since it was desired to avoid any possible interference resulting

from the presence of activator in the whole plasma. Each sample was first de-

fibrinated at �6 C., and the globulin precipitate then separated from the resulting

sample by half-saturation with ammonium sulfate. The precipitate was removed

by filtration and was dissolved in distilled water, and the volume brought up to

that of the plasma originally used. Each preparation was then titered for its in-

hibitor content.
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582. STAPHYLOCOAGULASE REACTION

As shown in table 9, the rabbit preparation contained no inhibitor by the method

employed, while both the human and guinea pig globulin preparations possessed

a titer of 8. The absence of inhibitor in the rabbit was interesting in view of the

marked susceptibility of the plasma of this species; however, an inverse relation-

ship between inhibitor level and susceptibility did not seem to be general as was

indicated by the similar levels of inhibitor in human and guinea pig plasmas.

Since susceptibility must depend also on the presence of activator in the plasmas,

the plasma of each of these three species was next analyzed for their content of

activator. Titrations were performed both on defibrinated samples and on the

albumin fractions separated between 6o and zoo per cent saturation. Each albumin

precipitate was dissolved in distilled water and brought up to the original plasma

volume, so that the concentration of activator was presumably the same as that in

the plasma.

As shown in table 9, the activator titer of the guinea pig plasma was significantly

lower than either the human or rabbit plasma. Thus, the relative titers of activator

and inhibitor in the plasmas of these species appeared to explain their degree of

susceptibility to the action ofcoagulase. Rabbit plasma which was most susceptible

TABLE 9.-The levels of inhibitor and activator in human, rabbit, and guinea pig plasmas

. . Inhibitor Titer of Globulin Activator Titer of I)efm Activator Titer of Albumin
Plasma of Species Tested Fraction brinated Plasma Fraction

Human 8 8 � 8

Rabbit 0 i6 . 8

Guinea Pig 8 4 2.

contained a high level of activator and no inhibitor; while guinea pig plasma

which was less susceptible than that of the rabbit contained less activator and a

more elevated level of inhibitor. The susceptibility of the human plasma, which

also contained an elevated level of inhibitor may perhaps be explained by the

high level of activator which it possessed.

The action of the inhibitor did not seem to be specifically exerted on activator.

This conclusion followed from the repeated observations that plasma samples

could be readily separated into inhibitor-containing and activator-containing

fractions, the activities of which were entirely independent of each other. Further,

as shown in table 9, the separation of activator from defibrinated plasma did not

result in an increase in the titer of activator, as might be expected, if activator

were freed from an inhibitor. The evidence, therefore, suggests that the inhibitor

does not combine with activator, but acts on some other factor in the coagulase

reaction, presumably coagulase.

DISCUSSION

The present report has confirmed previous observations in that the coagulase

reaction involves the participation of a plasma factor which has heretofore not

been described. Dried plasma and plasma stored in the frozen state for long periods
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are not readily clotted by coagulase since they contain reduced amounts of this

reactive factor. The present studies have demonstrated that this plasma factor is a

protein which is precipitated with the crude albumin fraction by means of am-

monium sulfate; but it appears to be more closely associated with the alpha and

beta globulins in alcoholic fractions.

Smith and Hale7 have proposed that the clotting factor in plasma and testicular

extracts is an activator of coagulase. The reaction is held analogous to the acti-

vation of thrombin by thrombokinase plus calcium ions. In this regard, the present

observation that activator is a protein of considerable stability is not inconsistent

with the possibility that it possesses an activating function analogous in some

respects to thrombokinase.9 However, it is equally probable that activator is the

substrate, and that coagulase is the activator. Indeed, it is also entirely possible

that no activation occurs but that an interaction of a different nature between

coagulase, plasma factor, and fibrinogen is involved which is responsible for the

precipitation of fibrin. A study of the chemical kinetics of the reaction is highly

desirable, but must await the purification and concentration of these three

reactants.

In the course of these studies, it was noted that a globulin could be separated

from human plasma which inhibited the staphylocoagulase reaction. The in-

hibitor was also found in the normal plasma of the guinea pig but was absent in

rabbit plasma. Previous studies#{176}’ 12, 13 have reported that some human plasmas

appear to be resistant to the action of coagulase, and have suggested that such

resistance may be attributed to the presence of a specific antibody to coagulase.

The recent report of Lominski and Roberts’#{176} has also favored the antibody hy-

pothesis. These authors observed that the inhibitor was a globulin, that it was

heat-stable, and that it combined specifically with coagulase. They concluded that

these findings could only be consistent with an antibody hypothesis. In opposition

to this hypothesis, however, are the reports#{176}’7that attempts to immunize animals

with coagulase or to demonstrate in man the development ofresistance to coagulase

following staphylococcal infection5”3 have met with failure. It is, of course,

possible that the failure to demonstrate the development of resistance in these

cases was due to the inadequate methods employed for measuring the inhibitor as

Lominski and Roberts1#{176} suggest. If, then, it be assumed that the antibody hy-

pothesis is correct, the present observations that the inhibitor is present in the

plasma of normal guinea pigs, and entirely absent in the normal plasma of the

rabbit may be explained only by the assumption that the guinea pig acquires the

antibody as a result of a natural or silent immunization, while the rabbit is im-

munologically insensitive. More exact immunologic studies are required to answer

this problem.

The presence of the inhibitor in the plasma of the guinea pig, which has been

found resistant to coagulase, and its absence in rabbit plasma which is highly

susceptible, suggests that this factor may play an important role in determining

species susceptibility. Smith and Hale7 have reported that the resistance observed

with different species may be attributed to a deficiency of activator. However, it is

probable that both activator and inhibitor are the variables which determine
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susceptibility. It should be noted, that since the inhibitor apparently combines

with coagulase and not with activator, an excess amount of coagulase would

produce clotting even in the presence of inhibitor, provided some activator were

present. The staphylocoagulase test is then dependent on the quantitative in-

terrelationships of the three variables : coagulase, activator, and inhibitor. The

variation in susceptibility which is observed when plasmas of various species are

tested with different strains of staphylococci may be a quantitative phenomenon

which is dependent upon the relative amounts of coagulase, activator, and in-

hibitor participating in these clotting systems.

CONCLUSIONS

Dried human plasma and human plasma which has been stored in the frozen

state for long periods are not readily clotted by coagulase. Fibrinogen which is

sufficiently purified is entirely insusceptible to clotting by coagulase. However,

all three substrates-dried human plasma, frozen plasma, and dried human fibrin-

ogen-are readily clotted by coagulase on admixture of a plasma factor.

This accessory substance, referred to as activator, is precipitated from normal

human plasma at 6o to ioo per cent saturation with ammonium sulfate. However,

it is not present in purified serum albumin preparations, but does occur in alcoholic

fractions which largely contain alpha and beta globulins. Activator is a compar-

atively stable protein which resists heating at temperatures below ioo C. , but is

destroyed by pepsin or nitrous acid.

A substance inhibiting the coagulase reaction was found present in many samples

of normal human plasma. It was associated with the globulin fraction. It was also

present in the normal plasma of the guinea pig but was deficient in rabbit plasma.

The inhibitor substance acts independently of activator and is therefore believed to

inhibit the clotting reaction by its action on coagulase. Either the presence of this

inhibitor or a deficiency of activator may be responsible for the failure of coagulase

to clot the �,lasmas of some individuals and of certain animal species.
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